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BACKGROUND: In 2016, Congress enacted the Frank R. Lautenberg Chemical Safety for the 21st Century Act (“the Lautenberg Act”), which made
major revisions to the main U.S. chemical safety law, the 1976 Toxic Substances Control Act (TSCA). Among other reforms, the Lautenberg Act
mandates that the U.S. Environmental Protection Agency (U.S. EPA) conduct comprehensive risk evaluations of chemicals in commerce. The U.S.
EPA recently finalized the first set of such chemical risk evaluations.

OBJECTIVES: We examine the first 10 TSCA risk evaluations in relation to risk science recommendations from the National Academies to determine
consistency with these recommendations and to identify opportunities to improve future TSCA risk evaluations by further implementing these key
approaches and methods.

Discussion: Our review of the first set of TSCA risk evaluations identified substantial deviations from best practices in risk assessment, including overly
narrow problem formulations and scopes; insufficient characterization of uncertainty in the evidence; inadequate consideration of population variability;
lack of consideration of background exposures, combined exposures, and cumulative risk; divergent approaches to dose-response assessment for carcino-
gens and noncarcinogens; and a flawed approach to systematic review. We believe these deviations result in underestimation of population exposures and
health risks. We are hopeful that the agency can use these insights and have provided suggestions to produce chemical risk evaluations aligned with the
intent and requirements of the Lautenberg Act and the best available science to better protect health and the environment—including the health of those

most vulnerable to chemical exposures. https://doi.org/10.1289/EHP9649

Introduction
The 1976 Toxic Substances Control Act (TSCA) underwent major
revisions in 2016 with enactment of the Frank R. Lautenberg
Chemical Safety for the 21st Century Act (“the Lautenberg Act”),
establishing for the first time a mandate for the U.S. Environmental
Protection Agency (U.S. EPA) to evaluate the risks of chemicals in
commerce (Schmidt 2016; U.S. Congress 2016). These evalua-
tions determine whether a chemical presents an “unreasonable risk
of injury to health or the environment. . .including an unreasonable
risk to a potentially exposed or susceptible subpopulation. . .under
the conditions of use. . .without consideration of costs or other non-
risk factors” (U.S. Congress 2016). The Lautenberg Act created a
clear demarcation between risk evaluation, with determinations to
be based exclusively on consideration of risk, and risk manage-
ment, which must consider costs and other risk factors in selecting
among options that are sufficient to mitigate any unreasonable risks
that the U.S. EPA identifies (U.S. Congress 2016).

As a first step in the risk evaluation process, TSCA requires
the U.S. EPA to establish the “scope” of a risk evaluation by
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specifying the chemical’s conditions of use, hazards, exposures,
and relevant potentially exposed or susceptible subpopulations.
Definitions of key terms and scientific standards in TSCA are
provided in Table S1. The TSCA amendments also required the
U.S. EPA to identify, within 6 months of enactment, the first 10
chemicals to undergo risk evaluation, which the U.S. EPA did in
December 2016 (Table 1).

The National Academies has put forth recommendations for
best practices in chemical risk assessment to ensure that these
assessments incorporate the best available science and provide
information that is useful for decision-making. Specifically, the
National Academies has recommended increased attention to
planning, scoping, and problem formulation; characterizing and
communicating uncertainty and variability; using a unified
approach to dose-response assessment for cancer and noncancer
effects; developing standards and criteria for the use of defaults;
conducting cumulative risk assessments by incorporating chemi-
cal and nonchemical stressors; and adopting robust systematic
review methods (NASEM 2018, 2021, 2017; NRC 2008, 2009,
2014a).

The development of the first chemical risk evaluations under
the Lautenberg Act was an opportunity for the U.S. EPA to put
these recommendations into practice. This paper examines the first
10 TSCA risk evaluations specifically in relation to recommenda-
tions on risk assessment science from the National Academies
(Table 2). Where relevant, we also refer to input that the U.S. EPA
received from the Science Advisory Committee on Chemicals
(SACCQC), a statutorily created committee that provides independent
scientific peer review of TSCA risk evaluations. Through this anal-
ysis, we highlight ways in which the U.S. EPA deviated from best
practices—including for example, defining overly narrow risk
evaluation scopes that exclude relevant exposures; applying differ-
ent approaches to dose-response characterization for cancer and
noncancer effects; and developing and implementing a systematic
review approach that deviates from fundamental elements of the
practice—and the associated consequences for public health
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Table 1. Annual production volumes and environmental releases reported for the first 10 chemicals to undergo risk evaluations under the Lautenberg Act.

CAS registry number

Production volume”

Reported releases in 2019 (lb)b

Chemical (CASRN) (Ib in 2015, except as otherwise specified) Air Water Land Total

Asbestos® 1332-21-4 900,000 (2020) 77 0 12,019,275 12,019,352
1-Bromopropane (1-BP) 106-94-5 142,582,067 1,002,131 0 39,323 1,041,454
Carbon tetrachloride 56-23-5 750,000 154,386 2,574 34,670 191,630
1,4-Dioxane (1,4-D) 123-91-1 1,059,980 41,192 122,717 476,004 639,913
Cyclic aliphatic bromide 25637-99-4; 3194-55-6 From 2 to 20 million 1,242 0 131,015 132,257

cluster (HBCD)

Methylene chloride (DCM) 75-09-2 263,971,494 2,612,050 3,500 498,062 3,113,612
N-Methylpyrrolidone (NMP) 872-50-4 160,818,058 1,408,790 222,445 6,758,162 8,389,397
Perchloroethylene (PERC) 127-18-4 324,240,744 742,132 309 161,819 904,260
Pigment Violet 29 (PV29) 81-33-4 Withheld NA NA NA NA

Trichloroethylene (TCE) 79-01-6 171,929,400 1,109,630 190 207,589 1,317,409

Note: Table of Chemicals Undergoing Risk Evaluation under TSCA (U.S. EPA 2021c). NA, (not applicable)—chemical not reported under TRI; TRI, U.S. EPA Toxics Release

Inventory (U.S. EPA 2021e).

“Data as reported under U.S. EPA’s Chemical Data Reporting Rule (U.S. EPA 2021d) with the exception of asbestos which is domestic consumption in 2020 reported by the U.S.

Geological Survey (U.S. Geological Survey 2021).
Data as reported under the U.S. EPA’s TRI (U.S. EPA 2021e).

“Reported releases are of friable asbestos (i.e., in a form that crumbles and can release fibers into the air; U.S. Geological Survey 2021).

protection. We provide recommendations to improve future TSCA
risk evaluations and discuss the opportunities that TSCA, appropri-
ately implemented, creates for advancing the science of risk
assessment.

Discussion

Planning, Scoping, and Problem Formulation

Defining the scope of a risk assessment, including the hazards,
exposures, and populations to be considered, is a critical early
step in the process, though it can evolve as the risk assessment is
developed (NRC 2009). TSCA directs the U.S. EPA to compre-
hensively evaluate chemical risks, taking into consideration
known and potential hazards and the potential for multiple path-
ways of exposure—including to subpopulations that are more
highly exposed or susceptible (U.S. Congress 2016). This com-
prehensive approach is aligned with recommendations of the
National Academies, which argued that a narrow scope may dis-
tort the validity and applicability of a chemical assessment (NRC
2009); by excluding relevant sources of exposure, the U.S. EPA
may underestimate the aggregate risks faced by exposed popula-
tions. Despite these recommendations and TSCA’s requirements,
nearly all of the U.S. EPA’s final risk evaluations to date have
excluded known, often significant, sources of chemical releases
and exposures (Table 3). The U.S. EPA’s stated basis for these
exclusions was that TSCA gives the agency wide discretion to
choose which activities, releases, exposures, hazards, and subpo-
pulations to include or exclude from the scope of a risk evalua-
tion. The U.S. EPA asserted this discretionary authority in rules
the agency issued in July 2017 establishing procedures to priori-
tize and conduct risk evaluations on chemicals in commerce
(U.S. EPA 2017b, 2017d). These procedures were promptly chal-
lenged, and in 2019 the Ninth Circuit Court of Appeals issued a
decision that found illegal or questionable several of the exclu-
sions the U.S. EPA had asserted the agency had authority to
invoke and concluded that the U.S. EPA’s rules did not grant the
agency discretion to exclude any of a chemical’s conditions of
use from a risk evaluation. The Court deemed it premature to rule
on whether the U.S. EPA must under TSCA evaluate combina-
tions of exposures from multiple conditions of use because at the
time the U.S. EPA had yet to release any final risk evaluations
for specific chemicals (U.S. Court of Appeals for the Ninth
Circuit 2019). Subsequently, the U.S. EPA released the first 10
final risk evaluations, which do not examine combined exposures,
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prompting additional, active legal challenges of several of the
evaluations.

The various types of exclusions of uses, releases, and exposure
pathways that the U.S. EPA applied in its first 10 risk evaluations
include: a) statute-based exclusion of environmental releases and
human exposure pathways; b) general exclusion of exposures to a
chemical when present as a by-product or impurity; c) exclusion or
isolated analysis of “legacy” uses and associated disposal; and d)
background exposures (Table 3). These exclusions and isolated
analyses each would have contributed to an underestimation of ex-
posure and risk to public health.

Characterization and Communication of Uncertainty and
Variability

Uncertainty. The National Academies called for systematic analy-
sis of “the sources, nature, and implications of the uncertainties” in
a given risk assessment (NRC 2009). More than two decades ear-
lier, former U.S. EPA Administrator William Ruckelshaus also
highlighted this issue, emphasizing that “We must insist on risk
calculations being expressed as distributions of estimates and not
as magic numbers that can be manipulated without regard to what
they really mean. We must try to display more realistic estimates of
risk to show arange of probabilities” (Ruckelshaus 1984).

In the first 10 TSCA risk evaluations, the U.S. EPA did not con-
duct sufficient sensitivity analyses to characterize and communi-
cate the implications of its reliance on various models in the
absence of measured data or of its use of uncertain model inputs,
such as when characterizing chemical exposures. In its review of
the draft methylene chloride (DCM) risk evaluation, the SACC
highlighted this issue, citing as an example the U.S. EPA’s use of a
single value of 57% for the removal of DCM during wastewater
treatment without considering any potential variance. The SACC
urged the U.S. EPA to better document uncertainties and assump-
tions associated with exposure model inputs and to employ sensi-
tivity analyses to assess their impact (U.S. EPA 2020g). Similarly,
in reviewing the draft 1-bromopropane (1-BP) risk evaluation, the
SACC noted gaps in the data used to inform environmental and
human exposure assessments—such as limited data on toxicity to
aquatic organisms and on vapor capture efficiency and extent of
use of personal protective equipment in occupational settings—
and recommended that the U.S. EPA use sensitivity analyses to
characterize the extent to which the gaps affect risk estimates (U.S.
EPA 2020c).

One means of reducing uncertainty is to fill data gaps. An
area of significant bipartisan consensus in TSCA reform was the

130(2) February 2022



Table 2. Key recommendations on risk assessment from the National Academies and examples of departures from this guidance among the first 10 chemicals
to undergo risk evaluation under the Lautenberg Act.

Recommendations for best practices in risk
assessment from the National Academies
(NASEM 2021; NRC 2008, 2009)

Departures from best practices in the first 10 TSCA
risk evaluations

Specific illustrating example”

Increased attention to planning, scoping, and
problem formulation

Characterize, communicate, and address uncer-
tainty and variability

Establish standards and criteria for defaults

Exclusion of known uses and exposures

Insufficient conduct of uncertainty analyses in the
presence of data gaps

Use of poor-quality data instead of filling data gaps

Insufficient consideration and protection of sensitive
populations and human variability

Insufficient application of protective defaults and
insufficient justification in deviating from stand-

Exclusion of exposures covered under other statutes,
despite the continued presence of health hazards
under TSCA jurisdiction (all risk evaluations)

Lack of sensitivity/uncertainty analyses to evaluate
impact of model inputs (e.g., DCM” and 1-BP¢
risk evaluations)

No effort to use TSCA authority to fill environmen-
tal and human health data gaps (all* but one risk
evaluation, PV29)

Inappropriate downgrading of uncertainty factors
due to magnitude or severity of effects (e.g.,

ard defaults

Apply unified approach to dose-response
assessment
endpoints

Implement cumulative risk assessment, incorpo-
rating chemical and nonchemical stressors

Implement best practices in SR
evaluation

No incorporation of unified approach to dose-
response assessment of cancer and noncancer

No consideration of cumulative effects

Lack of upfront SR protocol for each chemical risk

TCE? and DCM? risk evaluations)

Insufficient use of database uncertainty factors (e.g.,
DCM?, 1-BP¥, 1,4-D° risk evaluations)

No effort to use unified framework
(all risk evaluations®)
No effort to account for cumulative exposures and

nonchemical stressors (all risk evaluations®)

Deficient SR approaches (all risk evaluations®)

Reliance on numerical scoring to characterize study

quality

Exclusion of entire studies based solely on reporting

issues

Lack of a framework for evidence integration

Use the most sensitive end point to characterize
chemical hazards and risks

Decision not to use the most sensitive end point in
the evaluation of chemical risks

Decision to use immunotoxicity end points rather
than congenital heart defect to derive estimates of
risk (TCE? risk evaluation)

Note: Illustrating examples provided; further details available in text. 1,4-D, 1,4-Dioxane; 1-BP, 1-bromopropane; DCM, methylene chloride; EDF, Environmental Defense Fund;

SR, systematic review; TCE, trichloroethylene; TSCA, Toxic Substances Control Act.

“Unless otherwise noted with alternative footnote, public comments illustrating these examples are available in the dockets for all chemicals (U.S. EPA 2021c¢).

’EDF comments on draft risk evaluation of methylene chloride (EDF 2019d).
‘EDF comments on draft risk evaluation of 1-bromopropane (EDF 2019b).
YEDF comments on draft risk evaluation of trichloroethylene (EDF 2020).
“EDF comments on draft risk evaluation of 1,4-D (EDF 2019c).

need to enhance the U.S. EPA’s authority to readily obtain more
and better information on chemicals from chemical manufac-
turers and processors. Under the 2016 reforms the U.S. EPA can
now, through the issuance of an order, require the development
of real-world exposure information and information on a chemi-
cal’s hazards, which would help reduce uncertainties in the risk
assessment process. The U.S. EPA used this authority to obtain
limited information for only one of the first 10 chemicals to
undergo risk evaluation, and it did so only late in the risk evalua-
tion process (U.S. EPA 2020b). For the risk evaluation of
Pigment Violet 29 (PV29), the U.S. EPA required its manufac-
turers to conduct solubility testing and measurements of work-
place dust levels and particle size distributions (U.S. EPA
2020b), some of which were incorporated into the final risk eval-
uation. However, deficiencies in the workplace monitoring data
that the U.S. EPA received forced it to rely more heavily on
assumptions in its occupational exposure assessment (U.S. EPA
2021a). The U.S. EPA also lacked any data on acute and chronic
toxicity of PV29 by inhalation—its primary exposure route of
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concern. By not requiring testing earlier in the risk evaluation
process, the agency was forced in the end to rely exclusively on
analog data from carbon black (U.S. EPA 2021a). The U.S.
EPA’s explanation for its choice of carbon black included simi-
larity with respect to particle size, physical chemical properties
(e.g., solubility and density), chemical composition, and structure
(i.e., planar with multiple carbon rings). Comments submitted to
the agency by some authors described multiple concerns with the
U.S. EPA’s selection of carbon black as an analog to characterize
PV29 toxicity (EDF 2019a). To date, no inhalation toxicity or air
concentration data specific to PV29 have been developed (EDF
2019a; U.S. EPA 2021a).

Across the first 10 risk evaluations, the U.S. EPA has been
criticized for relying on limited information to draw firm risk con-
clusions, especially without conducting and integrating robust
uncertainty analyses into risk conclusions (EDF 2019b, 2019c,
2019d, 2020; SACC 2019a, 2019b, 2020a). Common critical gaps
across risk evaluations identified by authors include insufficient
or deficient information on releases of chemicals into various
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environmental media and the resulting concentrations; concentra-
tions in and releases from industrial, commercial, and consumer
products and materials; the degree, frequency, and duration of
exposures in workplaces; human hazard end points of key concern;
and hazards to sediment- and soil-dwelling and terrestrial and
aquatic organisms. A consequent overreliance on modeled
physical-chemical and environment fate data is pervasive across
the risk evaluations.

In light of these concerns and given the length of time some
types of studies or testing take to conduct, authors believe it is
essential that the U.S. EPA invoke its information authorities
early in the risk evaluation process to allow sufficient time for the
information to be developed (with any deficiencies addressed)
and incorporated into risk evaluations. In using these authorities,
we recommend that the U.S. EPA require companies to adhere to
specific testing protocols and certify as to the accuracy and com-
pleteness of the information they submit. All submitted data
should be rigorously evaluated, including through systematic
review procedures that include conflict of interest as a risk of bias
element.

Variability. Accounting for the true variability in vulnerability
across the population by identifying subpopulations that may be
uniquely susceptible and/or highly exposed is a critical component
of risk assessment (NRC 2009). The first 10 risk evaluations did
not fully consider or characterize risks to key groups of potentially
exposed or susceptible subpopulations, such as workers; individu-
als living near conditions of use or disposal sites; individuals with
preexisting conditions; fetuses, children, and pregnant women; nor
groups who may be disproportionately exposed or susceptible in
multiple ways (e.g., pregnant workers, individuals with preexisting
conditions living near disposal sites). In most cases, vulnerable
subpopulations were not included (select examples are provided in
Table 4), resulting in an underestimation of risk to the most vulner-
able persons. For example, in the risk evaluation for 1-BP, the U.S.
EPA did not address the heightened risk to children and pregnant
women as potentially susceptible subpopulations. Despite the U.S.
EPA’s acknowledgment that reliance on the default human vari-
ability uncertainty factor is not sufficient to protect these and other
more susceptible groups (U.S. EPA 2020a) and evidence of perina-
tal vulnerability to 1-BP observed in rodent studies (WIL Research
2001), more appropriate approaches (such as use of uncertainty
factor distributions better capable of capturing population variation
in susceptibility) (Hattis et al. 2002; Zeise et al. 2013) were not
considered in calculating risk estimates.

Unified Approach to Dose—Response Assessment

The U.S. EPA has traditionally evaluated risk from carcinogenic
and noncarcinogenic substances using distinct methodologies.
Chemicals believed to cause cancer via genotoxicity or an unde-
fined mechanism are assumed to have a linear, no-threshold dose—
response relationship (unless robust data support an alternative
relationship), and a quantitative risk estimate is developed.
Chemicals eliciting noncancer effects regardless of mechanism are
assumed to have thresholds below which adverse effects are not
expected to occur, yielding a binary indication of hazard (e.g., the
hazard quotient), but no risk estimate (Table S2). Instead, the U.S.
EPA defines a reference dose (RfD) or reference concentration
(RfC) as daily exposure estimates “likely to be without an appreci-
able risk of deleterious effects” over a lifetime of exposure “with
uncertainty spanning perhaps an order of magnitude” (U.S. EPA
2002). Relatedly, for noncarcinogenic substances the U.S. EPA
calculates a margin of exposure (MOE)—the ratio of the point of
departure (POD) to an anticipated exposure—to characterize the
potential risk (Table S2). A large MOE is considered to have
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minimal risk, whereas a low MOE reflects a higher level of risk
(U.S.EPA 2002).

The National Academies recommended a unified approach to
dose-response assessment for both cancer and noncancer effects.
The approach is characterized by the definition of risk-based doses
for all endpoints and the assumption of a linear, no-threshold dose
response relationship in the absence of evidence to the contrary.
Such an approach improves risk characterization and risk manage-
ment decisions for chemicals with noncancer effects by quantify-
ing the excess population risk at any specified dose, rather than the
bright-line MOE approach.

The TSCA risk evaluations to date, however, do not follow this
guidance and evaluate the potential for noncancer end points using
the MOE approach. The calculated MOE is compared to a prede-
termined “benchmark MOE”—the MOE deemed to be acceptable,
typically ranging from 10 to 300—to evaluate whether the sub-
stance presents unreasonable risk. As raised by others in the scien-
tific community, we believe this binary benchmark does not
address the potential for differential risk as a result of varying indi-
vidual susceptibilities and coexposures across the population
(NRC 2009). Further, we believe this approach limits the assess-
ment’s utility for risk managers, effectively hindering cost-benefit
analyses of various risk management options.

Criteria for and Selection of Defaults

The U.S. EPA has historically relied on uncertainty factors (UF;
also called adjustment factors) to account for uncertainties arising
from gaps or deficiencies in a chemical’s toxicity information
(Table S2). For example, the U.S. EPA calculates RfD and RfC
values by dividing a chemical’s POD by UFs. Likewise, bench-
mark MOE:s are derived by multiplying relevant UFs (Table S2).
The default values assigned to the UFs are typically set at 10; any
deviations require clear justification. Although older U.S. EPA
workgroup proceedings are available to guide the use of these
factors (U.S. EPA 2002), their application is largely expert
driven, and no formal, objective framework has been proposed
by the U.S. EPA to fully standardize their use. The National
Academies has indicated that, in practice, UFs attempt to account
for both uncertainties and variabilities, though the accuracy of
these adjustments remains undercharacterized. As a result, the
National Academies recommended use of probability distribu-
tions to transparently account for elements of uncertainty and var-
iability in place of default values for UFs (NRC 2009).

In the first 10 risk evaluations, we observed that the U.S. EPA
employed neither probability distributions nor an objective, trans-
parent framework for use of UFs in deriving toxicity reference val-
ues and benchmark MOEs. Instead, an examination of these
science policy decisions suggests a pattern of choosing less-
protective UFs. For example, in applying the lowest observed
adverse effect level (LOAEL)-to-no observed adverse effect level
(NOAEL) UF (UFy) to certain PODs for trichloroethylene (TCE)
and DCM, the U.S. EPA employed a value of 3, rather than the
more common value of 10. In the case of the TCE toxicity refer-
ence value for immunotoxicity, the U.S. EPA justified the smaller
UF_ by characterizing changes in antibody levels as a subclinical
effect rather than a frank measure of autoimmune toxicity (U.S.
EPA 2020h). In the case of DCM, the U.S. EPA considered only
the “small magnitude” of the effect, while ignoring the nature of
the response at the LOAEL (U.S. EPA 2020d). Earlier U.S. EPA
guidance indicated that both of these components—addressing the
severity and burden of the effects in terms of the degree of change
in a measured parameter at the LOAEL and the fraction of the pop-
ulation affected at the LOAEL—must be adequately considered
before lowering the UF, (U.S. EPA 2002). Further, the application
of a UF. of 3 to the acute DCM POD for decreased visual
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Table 4. Selected examples of potentially exposed or susceptible subpopulations absent or not sufficiently accounted for in recent TSCA risk evaluations.

Example risk evaluations in
which these groups are absent
or not sufficiently accounted for

Potentially exposed or
susceptible subpopulations

Selected examples of subpopulations absent or not sufficiently considered

Individuals with preexisting
conditions

TCE (U.S. EPA 2020h)

¢ Individuals with compromised liver or kidney function (Pastino et al. 2000)
¢ Individuals with diabetes (Pastino et al. 2000)

¢ Individuals with obesity (Pastino et al. 2000)

1.4-D (U.S. EPA 2020f)

¢ Individuals with preexisting conditions that affect liver or kidney (ATSDR 2012)

*® Individuals with elevated alcohol intake (ATSDR 2012)

Workers TCE (U.S. EPA 2020h)

* Workers with compromised health (Pastino et al. 2000)

* Workers with alcohol coexposure (Pastino et al. 2000)

Individuals living near TCE (U.S. EPA 2020h)
conditions of use/disposal

sites 1.,4-D (U.S. EPA 2020f)

¢ Individuals living near facilities emitting TCE (ATSDR 2019)
¢ Individuals living near disposal sites, including Superfund sites (ATSDR 2019)
¢ Individuals living in proximity to contaminated groundwater (ATSDR 2012)

¢ Individual living near disposal sites, including legacy disposal sites (ATSDR 2012)

Fetuses/children/pregnant
women

TCE (U.S. EPA 2020h)
1,4-D (U.S. EPA 2020f)
1-BP (U.S. EPA 2020j)

* Developing fetuses (Pastino et al. 2000)
* Women of reproductive age and pregnant women
¢ Acute and chronic risks to children exposed as bystanders in the workplace (e.g., small

family-owned dry cleaners; see footnote 25 on page 114 of the 1-BP risk evaluation)
(ATSDR 2017)

Note: 1,4-D, 1,4-Dioxane; 1-BP, 1-bromopropane; DCM, methylene chloride; TCE, trichloroethylene.

peripheral performance conflicts with earlier U.S. EPA and Office
of Environmental Health Hazard Assessment (OEHHA) assess-
ments (California Office of Environmental Health Hazard
Assessment 2008a; U.S. EPA 2014a), which used a value of 6 for
the UF, L.

The risk evaluations did not employ a database UF (UFp),
which accounts for deficiencies in the study database that may
have otherwise resulted in the identification of a more sensitive
effect. More specifically, based on guidance from the 2002 U.S.
EPA Risk Assessment Forum (RAF) report, the UFp accounts
for “the uncertainty associated with extrapolation from animal
data when the database is incomplete” or when there are deficien-
cies in the database related to “particular organ systems as well
as life stages” (U.S. EPA 2002). In the DCM risk evaluation, the
U.S. EPA chose not to apply a UFp, for the selected developmen-
tal neurotoxicity and hematological effects (U.S. EPA 2020d),
whereas an earlier Agency assessment of the chemical used an
UF)p to address limitations in data for these end points (U.S. EPA
2011b). Similarly, the Agency did not use any UFps in the risk
evaluations for 1-BP and 1,4-D, despite a limited evidence base
of toxicological data.

The U.S. EPA conducted route-to-route extrapolation when
dermal toxicity data were deficient or entirely unavailable. In the
risk evaluations for TCE, DCM, and 1-BP, the U.S. EPA used
previously developed physiologically based pharmacokinetic
(PBPK) models to extrapolate from the inhalation to dermal
routes (U.S. EPA 2020a, 2020h, 2020k). Oral-to-dermal extrapo-
lation was performed for 1,4-D (U.S. EPA 2019b). Although
cross-route extrapolation may sometimes be necessary, it introdu-
ces considerable uncertainty into risk estimation (Schroder et al.
2016). Despite this, the U.S. EPA did not perform quantitative
adjustments or additional sensitivity analyses to account for
uncertainties arising from this process.

Taken together, across the reviewed risk evaluations, we
observed that the U.S. EPA systematically applied UFs that
yielded less-protective risk estimates (or did not use UFs at all)
and did not sufficiently characterize the quantitative impacts of
doing so. In future risk evaluations, the U.S. EPA should employ
a more rigorous and formal approach to quantifying these uncer-
tainties, one that minimizes subjectivity and employs evidence-
driven distributional analyses to show the range of impacts asso-
ciated with various choices, as recommended by the National
Academies (NRC 2009).
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Cumulative Risk Assessment

The National Academies has provided recommendations to
advance cumulative risk assessment, which considers risks to
individuals and the population from coexposures to chemical
and nonchemical stressors (NRC 2008, 2009). For example, in
Science and Decisions, the National Academies noted that
“A narrow focus does not accurately capture the risks associ-
ated with exposure, given simultaneous exposure to multiple
chemical and nonchemical stressors and other factors that could
influence vulnerability” (NRC 2009). Nonchemical stressors
that can modify chemical exposure-related health risks include
socioeconomic deprivation and other psychosocial stressors as
well as preexisting health conditions and differential suscepti-
bility across the life span (Chari et al. 2012; Fox et al. 2017;
Payne-Sturges et al. 2021; Schwartz et al. 2011). Cumulative
risk concepts relating to life-stage susceptibility have been
applied in the cancer risk assessment context (age-dependent
adjustment factors) (Barton et al. 2005), and coexposures have
been recognized in the occupational risk assessment and man-
agement context for DCM (i.e., carbon monoxide coexposure),
and also for noise and chemical or drug coexposure on ototoxic-
ity (National Institute for Occupational Safety and Health 1976;
Occupational Safety and Health Administration 2018).

TSCA does not include an explicit mandate for the U.S. EPA to
assess cumulative risk, yet such an approach is certainly authorized
and argued for by three other TSCA requirements: a) TSCA’s
requirement that the U.S. EPA identify, assess, and protect against
risks to subpopulations subject to greater exposure or greater sus-
ceptibility to an effect from a given chemical exposure, relative to
the general population—which calls for consideration of all factors
that could exacerbate exposure of or a chemical’s effect in an indi-
vidual or group; b) TSCA’s requirement that the U.S. EPA use best
available science, which argues for a cumulative risk approach
where the scientific evidence is sufficiently developed to do so; and
¢) the broad reach of TSCA to encompass risks across the full life
cycle and from all intended, known, or reasonably foreseen condi-
tions of use of a chemical (see definitions in Table S1).

We observed that the first 10 TSCA risk evaluations did not use
the best available science, i.e., apply a cumulative risk approach
(NRC 2009), as it relates to consideration of potentially exposed or
susceptible subpopulations and coexposure to multiple chemicals
and nonchemical stressors. For example, preexisting health
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conditions such as chronic liver or kidney diseases afflict millions
of Americans and are expected to increase in prevalence over the
next 10 y (Estes et al. 2018; Hoerger et al. 2015). These conditions
may impair an exposed person’s ability to detoxify and eliminate a
chemical, making them more susceptible (Sheehan et al. 2012).
Yet, this type of information was not incorporated in the final risk
evaluations for 1,4-D, likely resulting in decisions for the chemical
that deviate from those using the best available science. We saw no
effort to consider coexposures and nonchemical stressors in the
first 10 risk evaluations (Table 2); in fact, we observed systematic
undervaluing of epidemiological studies (see below) that have the
advantage of encompassing real-world coexposures. Broader
adoption of cumulative risk concepts would improve risk estimates
and, we believe, overall public health protections of TSCA includ-
ing those for susceptible subpopulations.

Application of Systematic Review

The application of systematic review (SR) to chemical assess-
ment has gained substantial traction in the environmental health
field. Arising from use in the clinical sciences, SR employs a
structured approach to identifying, evaluating, and synthesizing
evidence to enhance scientific rigor; promote consistency, trans-
parency, and objectivity; and reduce bias. Prominent SR methods
and tools in medicine, particularly Cochrane (Higgins et al. 2019)
and GRADE (Guyatt et al. 2011), have influenced the approaches
that have emerged in environmental health (Rooney et al. 2014;
Woodruff and Sutton 2011).

The National Academies has published several reports in
recent years recommending the application of systematic review
in chemical assessment (NASEM 2018, 2017; NRC 2014),
including a recent report evaluating the TSCA program’s use of
systematic review (NASEM 2021). Across these reports, the
Academies have highlighted several best practices to improve the
rigor and conduct of SRs in the context of chemical assessment;
among these are inappropriate and appropriate uses of scoring
and the need for a structured approach to the integration of evi-
dence across multiple evidence streams (i.e., toxicological, epide-
miological, mechanistic data).

Per the TSCA risk evaluation rule, the U.S. EPA established
that it would apply SR to meet the Lautenberg Act’s requirement to
use weight of the scientific evidence to make determinations of
chemical risk (U.S. EPA 2017a). In 2018, the U.S. EPA’s Office of
Chemical Safety and Pollution Prevention (OCSPP) released
Application of Systematic Review in TSCA Risk Evaluations
(“TSCA SR document”) (U.S. EPA 2018). This document presents
the Office of Pollution Prevention and Toxics’ (OPPT) SR
approach under TSCA, which it has applied to the chemical risk
evaluations it has completed to date. The bulk of the document is
devoted to specifying criteria for evaluating study quality and
methods for converting study quality evaluations into overall study
quality scores. The U.S. EPA subsequently published and applied
revisions to the data quality criteria for epidemiological studies in
June 2019 (U.S. EPA 2019a). Review of the TSCA SR document
and its application to risk evaluations to date reveals several devia-
tions from recommendations of the Academies. In the following
sections, we will focus on the issues arising from the TSCA SR
approaches used for study scoring and evidence integration.

Quantitative study scoring. The TSCA SR document defines a
framework to assign study quality scores by evaluating studies
across various metrics. The use of quantitative scoring systems and
summary scores in SR has been repeatedly criticized both in estab-
lished SR guidance (Jiini et al. 1999), in newer risk-of-bias frame-
works tailored for use with observational studies (Dekkers et al.
2019), and by the National Academies (NASEM 2021). Inits 2014
review of the Integrated Risk Information System (IRIS) program,
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the National Academies noted that SR methodologies have moved
away from calculating quality scores because of numerous short-
comings. These shortcomings include the inherent subjectivity in
assigning weights to various criteria, evolving requirements for
reporting of study details, and empirical findings that quality scores
have significant limitations in assessing risk of bias in clinical
research (Higgins et al. 2008; Jiini et al. 1999; NRC 2014). Of par-
ticular concern, the TSCA SR document dictates that if any single
metric is scored as “unacceptable,” the entire study is excluded
from further consideration in the risk evaluation.

Regarding epidemiological studies, the TSCA SR method, with-
out justification, precludes numerous metrics from receiving a rating
of “high confidence,” diminishing a priori the use of epidemiologi-
cal evidence in risk evaluation (U.S. EPA 2020e). This practice
resulted in the systematic down-weighing of the line of evidence
that throughout the U.S. EPA’s history has been the preferred means
of assessing risks to populations and informing efforts to protect
human health and the environment. Epidemiological studies provide
information that increases our understanding of the causes of dis-
ease, elucidates factors that influence the susceptibility of certain
groups, and characterizes the levels of exposure leading to health
effects. Integration of such evidence, along with that from in vivo
and in vitro studies, can reduce the uncertainties and limitations of
each type of study and strengthen the basis for scientific conclusions
about risks (Deener et al. 2018).

The value of epidemiological data for human health risk assess-
ment has been stated and reinforced by the U.S. EPA and others
over many years (ATSDR 2005; Nachman et al. 2011; NRC 2009;
U.S. EPA 1991, 2005). Nevertheless, in multiple TSCA risk evalu-
ations, we observed that the U.S. EPA dismissed or downgraded
this evidence stream through the study scoring scheme set in the
TSCA SR method, as well as through general criticism or flawed
interpretation of study methods and results. For example, in the 1-
BP risk evaluation, the U.S. EPA selected a rat study for its POD
modeling of neurotoxicity, rather than human epidemiological
studies. This decision came as a result of the study scoring scheme
established in the TSCA SR method, as well as flawed interpreta-
tion of study methods described in public comments by the
Environmental Defense Fund (EDF 2019b; U.S. EPA 2020a,
2020d).

In the DCM risk evaluation, the U.S. EPA discussed general
limitations of epidemiological studies (i.e., potential for bias due
to healthy worker effect or exposure misclassification; concerns
about study sensitivity) (U.S. EPA 2020d). Yet there is no analo-
gous discussion of the general limitations of experimental toxico-
logical studies, suggesting a biased approach to evidence review.
The U.S. EPA ultimately based the chronic inhalation hazard
evaluation of DCM on an experimental rat study (U.S. EPA
2020d), rather than a human study that the state of California has
used to set its chronic reference exposure level (California Office
of Environmental Health Hazard Assessment 2008b); in our view
the U.S. EPA dismissed the value of the human study in account-
ing for important coexposures (U.S. EPA 2020d). For both 1-BP
and DCM, using toxicological studies rather than available
human data resulted in risk evaluation findings (considering the
POD and UFs) that allow higher exposures and therefore less
public health protection.

Approach to evidence integration. A structured approach to
evidence integration is a key element of applying consistent and
transparent approach to SR. In its 2014 review of the U.S. EPA
IRIS program, the National Academies identified evidence inte-
gration as fundamental to determining whether a chemical poses
a hazard and recommended that the agency develop templates to
structure this process and resulting conclusions (NRC 2014).
Although the TSCA SR document calls for evidence integration
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(U.S. EPA 2018), it does not provide a specific approach for evi-
dence synthesis or integration (NASEM 2021); as a result, the
final disposition of evidence is handled inconsistently both within
(different approaches across hazard end points for same chemical
evaluation) and across risk evaluations.

Apart from an ad hoc approach used in the TCE assessment, the
U.S. EPA’s risk evaluations have lacked structured approaches for
evidence integration (NASEM 2021). For TCE, the U.S. EPA
applied the Risk Assessment Forum’s Weight of Evidence in
Ecological Assessment approach (“RAF approach™) to the evi-
dence base for congenital heart defects (U.S. EPA Risk
Assessment Forum 2016). Not a formal SR method, the RAF
approach involves assessing individual studies across three main
criteria: reliability (quality), relevance, and strength. Weighted
scores are assigned for each criterion and used to develop individ-
ual study “grades,” “summary scores” for each line of evidence
(i.e., epidemiological, animal, and mechanistic), and ultimately an
overall integrated “summary score” combining all lines of evi-
dence. Appendix F of the final TCE risk evaluation provides a
detailed discussion of the RAF approach, the U.S. EPA’s basis for
selecting this approach to evidence integration relative to other
options considered, and its application in the TCE risk evaluation
for evaluating evidence for congenital heart defects. Using the
RAF approach, the U.S. EPA concluded that scientific evidence
supports TCE-induced congenital heart defects (CHDs): “Overall,
an association between increased congenital cardiac defects and
TCE exposure is supported by the weight of the evidence, in agree-
ment with previous U.S. EPA analyses” (U.S. EPA 2020i).

Notably, the U.S. EPA applied this structured approach only
for the CHD end point, using narrative summaries of the evidence
to reach conclusions for all other end points (U.S. EPA 2020i).
These narrative summaries briefly describe the available literature
for various toxicity end points and in a nonstructured manner draw
a conclusion for the evidence of an effect. In contrast, SR methods
provide a structured approach to reaching weight of evidence
determinations, from protocol development to evidence integra-
tion. Authors believe the U.S. EPA’s disparate treatment of the evi-
dence for CHDs in comparison with other TCE effects including
immunotoxicity, the endpoint the U.S. EPA used to reach determi-
nations of risk, introduces bias and uncertainty with regard to the
conclusions of the risk evaluation. The TCE risk evaluation may
have yielded different conclusions had the U.S. EPA applied the
same approach to evidence integration for all end points. This dis-
parate treatment is especially significant given the U.S. EPA’s de-
cision not to use CHDs, the most sensitive end point, as the basis
for its determinations of TCE risk. That decision—to not use the
most sensitive end point—is at odds with its previous assessments
(U.S.EPA 2011a,2014b) and decades of scientific policy and prac-
tice as well as TSCA’s requirement that the U.S. EPA identify risks
to potentially exposed and susceptible subpopulations (U.S.
Congress 2016)—in this case, pregnant women.

The U.S. EPA’s approach to SR for TSCA risk evaluations is
immensely consequential because it dictates which data will be
included in the risk evaluation and the weight these data will be
given in the overall characterizations of chemical hazard and risk. It
is concerning, then, that the TSCA SR approach deviates from
established best practices for SR as documented in several National
Academies reports (NASEM 2018, 2021, 2017; NRC 2014).

Characterizing Risk Based on the Most Sensitive End Point

National Academies reports (NRC 1994, 2009) as well as the
U.S. EPA guidance (U.S. EPA 1991, 1995, 2002) direct the
agency to base chemical risk assessments on the most sensitive
end point—a basic scientific approach to ensuring health-
protective characterizations of chemical risk. The U.S. EPA
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deviated from this long-standing practice in the TCE risk evalua-
tion by using immunosuppression rather than CHDs in the assess-
ment of acute and chronic risks from TCE exposure (U.S. EPA
2020i). The U.S. EPA made this decision despite the robust evi-
dence base, as described in the TCE risk evaluation and prior
assessments and publications (Makris et al. 2016; Runyan et al.
2019; U.S. EPA 2014b). The U.S. EPA’s risk evaluation found
that CHDs provide the lowest POD value for modeling. The
immunosuppression end point, by contrast, was orders of magni-
tude less sensitive and was not subjected to the same rigorous
weight of evidence analysis as CHDs.

A 2021 internal memo from Dr. Michal Freedhoftf, Acting
Assistant Administrator of the U.S. EPA’s Office of Chemical
Safety and Pollution Prevention, indicated that political interfer-
ence by the Trump administration was responsible for the shift
away from the fetal cardiac end point (Freedhoft 2021). The U.S.
EPA’s decision not to use the most sensitive end point in evaluat-
ing TCE risk (U.S. EPA 2020h) results in an underestimation of
TCE’s true risks to the population—including to susceptible sub-
populations, in particular pregnant women—that is too low, defy-
ing best practices in risk assessment.

Conclusion

Through our review of the first set of TSCA risk evaluations, we
found that the agency did not employ the best available scientific
methods and data in characterizing the risks of these chemicals to
population health. As a result, we believe that decisions based on
the conclusions of these risk evaluations do not measure up to the
intent of the Lautenberg Act, which explicitly requires that the
agency use best available science and reasonably available infor-
mation (Table S1).

As documented in this commentary, closer adherence to guid-
ance from the National Academies and other credible voices
(Children’s Health Protection Advisory Committee 2021; UCSF
Program on Reproductive Health and Development 2020) could
have aided the agency in avoiding numerous substantial problems.
For many of the evaluated chemicals, limited and narrow problem
formulations excluded significant sources and amounts of known
releases (see Tables 1 and 3). We observed that evaluations and
characterization of uncertainty and variability were limited and
lacked rigor, often resulting in overreliance on low-quality data. In
the absence of reliable data, the agency often applied inadequate
default assumptions which is inconsistent with the language of
TSCA. Baseline population exposures, combined exposures, and cu-
mulative risks were not considered for any TSCA chemical. Unified
approaches to dose-response assessment (NRC 2009) were not
employed; rather, the agency relied on the MOE approach, which
does not produce a quantitative estimate of risk (McGartland et al.
2017). Finally, the risk evaluations used a fatally flawed approach to
SR (NASEM 2021). We also observed that epidemiological studies,
long considered the gold standard for characterization of human
risks, were marginalized. Perhaps most troubling was the selection
of an insufficiently sensitive end point (in the TCE risk evaluation)
as a result of reported nonscientific political intervention.

New U.S. EPA leadership, bolstered by a presidential memo-
randum on scientific integrity and evidence-based policymaking
(The President of the United States of America 2021), has reas-
serted the importance of employing the best available science
and data in agency activities, including TSCA implementation
(Regan 2021).

In June 2021, the U.S. EPA’s Office of Chemical Safety and
Pollution Prevention (OCSPP), which administers TSCA, announced
a “Path Forward for TSCA Chemical Risk Evaluations”(U.S. EPA
2021b). That announcement indicated the U.S. EPA’s intention to
revisit most of the previously issued risk evaluations to address some
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of the key issues discussed in this paper. Among the changes the U.S.
EPA announced are ones that expand consideration of exposure sour-
ces and pathways that were previously excluded because they also
fall under another U.S. EPA—administered statute. For the 1,4-D risk
evaluation, the U.S. EPA intends to include exposures through drink-
ing water and ambient air and to expand its consideration of exposures
to the chemical when present as a by-product. For six other chemicals,
the U.S. EPA will conduct screening-level assessments of exposures
to fenceline communities from air and water releases of the chemi-
cals; if potential unreasonable risks are indicated, the U.S. EPA
expects to revise the risk evaluations to thoroughly evaluate such
risks. If implemented, these changes will go far to remedy flaws
resulting from unscientific exclusions of chemicals’ conditions of use
and resulting exposures that we have described in this paper. These
proposed actions are suited to address concerns with narrow risk eval-
uation scopes (as we identified for the first 10 risk evaluations in this
commentary) that resulted in the exclusion of relevant sources and
pathways of exposure and inadequate consideration of potentially
exposed or susceptible subpopulations.

Additionally, in February 2021 the National Academies pub-
lished a peer review report of the TSCA SR method (NASEM
2021) which was promptly followed by a public announcement
by the U.S. EPA that it would no longer apply the method (U.S.
EPA 2021h). In December 2021, EPA released a revised TSCA
SR approach for public comment.

Beyond these improvements, we identify additional opportunities
to enhance the rigor of the risk evaluations and improve the scientific
basis for management of identified chemical risk. These include:

e Greater use of TSCA’s significantly strengthened informa-
tion authorities, afforded by the Lautenberg Act, early in the
risk evaluation process

 Application of more robust approaches to account for sour-
ces of uncertainty and variability, namely employing proba-
bilistic approaches that consider distributions of uncertainty
and variability that could also address limitations associated
with uncertainty factors
Adoption of a unified approach to dose-response modeling
and risk characterization for chemicals’ cancer and non-
cancer effects that abandons the outdated MOE paradigm in
favor of estimations of population risk
Application of cumulative risk approaches that, at a minimum,
address coexposures to other relevant chemical stressors (e.g.,
consideration of coexposures to multiple phthalates when con-
ducting the phthalate risk evaluations currently in develop-
ment), while implementing over time increasingly sophisticated
methods to account for coexposures to nonchemical stressors
Use of established systematic review methods [i.e., Office of
Health Assessment and Translation (OHAT), IRIS, Navigation
Guide (NTP 2019; U.S. EPA 2020k; Woodruff and Sutton
2014)] for evaluating and integrating evidence where they exist
(i.e., for animal and human studies), and focusing method de-
velopment efforts where accepted approaches are nascent (e.g.,
for consideration of exposure and mechanistic studies)

* Characterization and determination of risk based on the most

sensitive end point.

We have contrasted the deviations from best practice persistent
across the first 10 TSCA risk evaluations (Table 2) with recommen-
dations from the National Academies that would improve the rigor
of subsequent risk evaluations under TSCA. Coupled with the U.S.
EPA’s affirmation of its commitment to scientific integrity and its
course-correction on the first 10 risk evaluations, we are confident
that the agency can use this opportunity to produce chemical risk
evaluations aligned with the spirit as well as the letter of the
Lautenberg Act amendments aimed at better protecting our popula-
tion, including those most vulnerable to chemical exposures.
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